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MALEATED AND OXDZED FATTY ACDS 

FIELD OF THE INVENTION 

0001. The present invention relates to an oxidized and 
maleated fatty acid-containing product. The present invention 
particularly relates to an oxidized and maleated tall oil fatty 
acid-containing product. Such products are useful in formu 
lating corrosion inhibitors and as an emulsifier, especially for 
petroleum-related applications. 

BACKGROUND OF THE INVENTION 

0002 Catalytic (thermal) polymerization of tall oil fatty 
acids produces a product known as dimer/trimer acid which 
the oil industry has traditionally employed as an oil-soluble 
corrosion inhibitor for reducing corrosion in oil well piping 
and related recovery equipment. The thermal polymerization 
causes the Cs tall oil fatty acids (containing one or two 
double bonds, e.g. oleic and linoleic acids, respectively), in 
the presence of a Suitable catalyst, to give varying amounts of 
C (dimerized) and Csa (trimerized) fatty acids. These dimer 
and/or trimer fatty acids may be neutralized with an appro 
priate amine, such as diethylenetriamine, to produce a corro 
sion inhibitor. The dimer/trimer acid-based product is said to 
inhibit corrosion by coating metal Surfaces with a thin film, 
thereby excluding the water necessary for corrosion pro 
CeSSes to OCCur. 

0003 Over the years, the corrosion inhibition art has 
looked for alternatives to the dimer/trimer acid-based prod 
uct. Of particular interest in this regard is the class of fatty 
acid-based products which have been functionalized with 
maleic anhydride and/or fumaric acid. 
0004 Thus, according to U.S. Pat. No. 4,927,669, tall oil 
fatty acid (TOFA) is functionalized using maleic anhydride, 
or fumaric acid, in the presence of a catalyst Such as iodine, 
clay or silica. The fatty acids are reacted in a first step to 
promote a Diels-Alder reaction with linoleic acid, the product 
then being distilled to remove unreacted fatty acid. In a sec 
ond step, non-conjugated acid, e.g., oleic/elaidic acids, are 
treated under more vigorous conditions to form an ene 
adduct. Residual unreacted fatty acid is removed. The product 
is said to contain 75 to 95% maleinized fatty acids, 15 to 20% 
thermal dimer and trimer and unreacted fatty acid and is 
useful as a corrosion inhibitor. 
0005 U.S. Pat. No. 5,292.480 condenses the maleic anhy 
dride-functionalized TOFA of U.S. Pat. No. 4,927,669 with a 
polyalcohol. Such as ethylene glycol, diethylene glycol, tri 
ethylene glycol, polyethylene glycol, glycerin, pentaerythri 
tol, trimethylolpentane, and Sorbitol to form an acid-anhy 
dride ester corrosion inhibitor, which in turn may be 
neutralized with an amine, with a metal oxide, or with a 
hydroxide before use. U.S. Pat. No. 5,385,616 is similar in 
describing the reaction product of the maleic anhydride-func 
tionalized TOFA of U.S. Pat. No. 4,927,669 and an alcohol 
(ROH). 
0006. In U.S. Pat. No. 5,582,792, the maleic anhydride 
functionalized TOFA is esterified (as in U.S. Pat. No. 5,385, 
616 and then is reacted with an ethoxylated amine. Such as an 
ethoxylated fatty amine. The composition is useful for corro 
sion inhibition. 
0007 U.S. Pat. No. 5,759,485 describes a class of water 
soluble corrosion inhibitors in which the maleic anhydride 
functionalized TOFA (specifically the Diels-Alder reaction 
adduct with linoleic acid) is neutralized with aminoethyletha 
nolamine and also with one of imidazoline, amidoamine or a 
combination thereof. Canadian Pat. 2,299,857 describes a 

Jul. 31, 2008 

similar corrosion inhibitor made by reacting (neutralizing) 
maleated TOFA with alkanolamines. 
0008. As evidenced by the foregoing prior art attempts to 
develop corrosion inhibitors based on maleated TOFA, those 
skilled in the art continue to explore new techniques and 
compositions for using tall oil-related raw materials in manu 
facturing new corrosion inhibitors and other products. 

DETAILED DESCRIPTION OF THE INVENTION 

0009. The present invention relates to methods for prepar 
ing a composition Suitable for a variety of uses, which meth 
ods involve the combination of both maleating and oxidizing 
a fatty acid material, particularly a tall oil fatty acid-contain 
ing material. The composition So-prepared is useful as an 
emulsifier in making petroleum-related products, such as 
invert water-in-oil emulsions used as drilling muds and is 
useful as a corrosion inhibitor for metal Surfaces, especially in 
oil well applications. The present invention also relates to the 
resulting composition produced by Such methods and the use 
of the composition in Such applications. 
0010. The oxidized and maleated fatty acid-containing 
compositions, especially the oxidized and maleated tall oil 
compositions and particularly the oxidized and maleated tall 
oil fatty acid (TOFA) compositions of the present invention 
can Successfully protect metals in a way which reduces their 
corrosion when exposed to a corrosive environment, such as 
Water. 
0011. The oxidation and the maleation (with maleic anhy 
dride and/or fumaric acid and/or (meth)acrylic acid) of the 
fatty acid materials and particularly the tall oil materials can 
be conducted in either order. The fatty acids, such as a tall oil 
product and particularly TOFA, can first be maleated and then 
the maleation can be followed by an oxidation. Alternatively, 
the fatty acid material can first be oxidized and then the 
oxidized fatty acid product can be maleated. 
0012. As used throughout the specification and in the 
claims the terms maleated, maleation and the like refer to the 
modification of unsaturated fatty acid molecules, especially 
unsaturated rosin acids and Cis-fatty acids, such as linoleic 
acid, and oleic acid, which introduces additional carboxylic 
moieties onto the molecules by reaction with one or more of 
maleic anhydride, fumaric acid, acrylic acid and methacrylic 
acid (hereafter acrylic acid and methacrylic acid are generally 
referred to in the aggregate or alternative as (meth)acrylic 
acid). Use of maleic anhydride is generally preferred. 
0013 While the present invention is broadly directed to 
the modification of a variety of unsaturated fatty acid mate 
rials by the combination of oxidation and maleation, the 
invention is particularly aimed at modifying tall oil products 
containing Such unsaturated fatty acids. 
0014. In contrast to the prior art, where there apparently 
has been a concerted effort to use tall oil materials containing 
primarily, if not almost exclusively, tall oil fatty acids (TOFA) 
and to conduct the reaction with maleic anhydride (and/or 
with fumaric acid and/or acrylic acid) in a way to promote the 
formation of the Diels-Alder reaction adduct with linoleic 
acid (generally by using a catalyst), the present inventors have 
found Such restrictions are not necessary. 
0015. In particular, the inventors have found that suitable 
products for use as emulsifiers and corrosion inhibitors can be 
made using a variety of tall oil products that contain unsatur 
ated fatty acids including crude tall oil, i.e., tall oil that con 
tains both rosin acids and fatty acids, blended tall oil products 
containing both rosin acids and fatty acids, distilled tall oil 
products and tall oil fatty acid (TOFA). 
0016. In addition, in practicing the present invention there 

is no need to focus on the production of the Diels-Alder 
reaction adduct with conjugated fatty acids, such as linoleic 
acid. Thus, the conditions under which the maleation is con 
ducted do not need to be controlled (e.g., a catalyst is not 
needed) such that the Diels-Alder reaction predominates. 
0017 Representative structures present in oxidized and 
maleated tall oil compositions of the present invention would 
thus include the following molecular species: 
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0018. As will be appreciated by those skilled in the art 
from these representative molecules, such structures have a 
higher carboxylic functionality than dimer/trimer acids at 
similar molecular weights. This higher carboxylic function 
enhances the salt or soap formation of the compositions (im 
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portant to their use as emulsification aides) and gives the 
compositions a stronger film persistency on metal Surfaces. 
0019. As a general rule, oils containing a significant 
amount of Cs unsaturated fatty acids should be suitable as 
Sources of the fatty acid-containing starting materials for the 
present method. As a representative, though not an exclusive 
or exhaustive list of possible oils that can be used as a source 
ofunsaturated fatty acids for preparing an oxidized and male 
ated fatty acid-containing composition in connection with the 
preparation of a composition of the present invention can be 
mentioned the following: linseed (flaxseed) oil, castor oil, 
tung oil, soybean oil, cottonseed oil, olive oil, canola oil, corn 
oil, sunflower seed oil, coconut oil, safflower oil, tall oil, palm 
oil and mixtures thereof. It may also be suitable in Some cases 
to use the distillation products of such oils or their distillation 
residues. In this regard, specific mention can be made of 
distilled tall oil and tall oil bottoms. These oils contain as one 
significant constituent linoleic acid, an unsaturated (conju 
gated) long chain fatty acid as well as other unsaturated fatty 
acids, 
0020 Fatty acids suitable for use in the present invention 
(found in Such oils) have double bonds, i.e., sites of unsatura 
tion in their hydrocarbon chains. As a result, Such sources of 
fatty acids often are referred to as unsaturated oils. As well 
known to those skilled in the art, the fatty acids in these oils 
can be polymerized by heating them in the presence of oxy 
gen or air. This polymerization typically causes an increase in 
the viscosity of the oxidized fatty acid material (oil). A cata 
lyst is sometimes used to increase the speed of the oxidation 
reaction in order to reduce the time required to attain the 
desired level of oxidation and associated viscosity increase, 
or to reduce the temperature at which the oxidation is con 
ducted. Use of such a catalyst is optional. 
0021. The oxidative heating treatment causes crosslinking 
of the hydrocarbon chains of the unsaturated fatty acid via 
their double bonds (sites of unsaturation), via an oxygen 
(ether) linkage The oxygenation treatment is continued until 
a desired result is obtained. Such as a desired acid value, or a 
desired viscosity is reached in the treated fatty acid material. 
Those skilled in the art can readily obtain an oxidized fatty 
acid composition of a Suitable acid value or viscosity. 
0022. Oxidized fatty acid materials suitable for use in the 
present invention are commercially available. In any event, in 
the case of a tall oil material, for example, the tall oil fatty 
acids in Such materials can be oxidized by heating the tall oil 
material to a temperature above about 150° C., for example to 
a temperature in the range of 160° C. to 170° C., and then 
sparging oxygen or air through the heated tall oil material. As 
understood by those skilled in the art, a variety of techniques 
and devices can advantageously be used to inject the oxygen 
or air into the heated tall oil and the present invention is not 
limited to any specific technique or equipment. The oxidation 
reactions generally are continued until the desired acid value 
or viscosity is achieved in the tall oil, indicative that the 
desired level of cross-linking has been obtained in the oxi 
dized tall oil material. 

0023. Use of a tall oil material is generally favored based 
on consideration of both its cost and performance. As is 
known in the art, tall oil refers to the resinous yellow-black 
oily liquid obtained as an acidified byproduct in the Kraft or 
Sulfate processing of pine wood. Tall oil, prior to refining, is 
normally a mixture of rosin acids, fatty acids, sterols, high 
molecular weight alcohols, and other alkyl chain materials. 
Distillation of crude tall oil is often used to recover a mixture 
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offatty acids in the C16-C20 range. The commercially avail 
able tall oil products XTOLR100, XTOL(R300, and 
XTOL(R304 (all from Georgia-Pacific Chemical LLC, 
Atlanta, Ga.), for examples all contain Saturated and unsatur 
ated fatty acids in the C16-C18 range, as well as minor 
amounts of rosin acids. 

0024. To prepare a maleated tall oil, a tall oil material, such 
as a tall oil distillate component is reacted with maleic anhy 
dride (and/or fumaric acid and/or (meth)acrylic acid). Repre 
sentative tall oil distillate components include tall oil fatty 
acids, tall oil rosin acids, and mixtures of these fractions. The 
refinement (i.e., fractionation) of tall oil can, for example, 
provide C-C Saturated and unsaturated fatty acids as well 
as fatty acid/rosin acid mixtures. In preparing maleated tall 
oil. Such tall oil distillate components, lighter (i.e., lower 
boiling) or heavier (i.e., higher boiling) components, or com 
ponents having broader or narrower boiling point ranges may 
be used in the reaction with maleic anhydride (and/or fumaric 
acid and/or (meth)acrylic acid). Mixtures or blends of various 
tall oil distillate fractions may also be employed as the tall oil 
material. Fatty acid/rosin acid mixtures in a desired ratio may 
be obtained in a single distillate fraction by adjusting tall oil 
fractionation conditions. Representative tall oil distillate 
components include the previously mentioned, commercially 
available products XTOLR100, XTOLR300, and 
XTOLR304, and XTOL(R530, and LYTORR100 (all from 
Georgia-Pacific Chemical LLC, Atlanta, Ga.). 
0025. In one embodiment, for example, a mixture of a first 

tall oil distillate fraction comprising predominantly tall oil 
fatty acids (e.g., XTOLR100) and a second tall oil distillate 
fraction comprising predominantly rosin acids (e.g., 
LYTORR100) may be blended in a wide range of propor 
tions. In Such mixtures, representative amounts offatty acids 
and rosin acids range from about 45% to about 90% by weight 
and from about 10% to about 55% by weight, respectively. 
Representative weight ratios of the first tall oil distillate frac 
tion to the second tall oil distillate fraction may range from 
about 3:2 to about 4:1. If such a blend is used to form a 
maleated tall oil material via reaction with maleic anhydride 
(and/or fumaric acid and/or (meth)acrylic acid), Suitable 
amounts of the anhydride (or acid(s)) may range from about 
2% to about 25% by weight, usually from about 2% to about 
15% by weight, based on the combined weight of the tall oil 
fractions and the anhydride (or acid(s). Depending on the tall 
oil composition and fractionation conditions, a single tall oil 
distillate fraction may also suffice to yield a composition that 
is substantially the same as any of the blends of tall oil 
distillate factions discussed above. 

0026. In preparing a maleated tall oil from the reaction of 
a tall oil material. Such as tall oil distillate components, and 
maleic anhydride and/or fumaric acid and or (meth)acrylic 
acid, i.e., one or more of maleic anhydride, fumaric acid and 
(meth)acrylic acid, a reaction temperature generally from 
about 150° C. (300°F) to about 250° C. (480° F.), often from 
about 200° C. (390°F) to about 230° C. (445°), and prefer 
ably from about 215° C. (420 F) to about 225° C. (435 F), 
is used. Use of a catalyst is generally optional, i.e. it is not 
needed. Catalysts that can optionally be used are known in the 
prior art. Some of the representative reactions that can occur 
are illustrated in U.S. Pat. No. 4,927,669. 
0027 Such maleated tall oil products can be obtained 
commercially as XTOLR690 and XTOLR692 (from Geor 
gia-Pacific Chemical, LLC, Atlanta, Ga.). 
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0028. In general, the maleation reactions are essentially 
complete after a reaction time from about 5 hours to about 36 
hours, and typically from about 20 hours to about 30 hours. 
Without being bound by theory, the maleic anhydride (and/or 
fumaric acid and/or (meth)acrylic acid) reacts with the fatty 
acid material. Such as the tall oil distillate components at 
various sites of unsaturation (i.e., carbon-carbon double 
bonds), present in the reactants. For example, the reaction of 
maleic anhydride with an unsaturated tall oil fatty acid results 
in the addition of the anhydridering to the acid at olefinic sites 
via the so-called “ene' reaction (see paragraph 17 above. 
The reaction of maleic anhydride with a rosin acid derived 
from tall oil, at diolefinic sites and with conjugated fatty 
acids, may alternatively form a Diels-Alder addition product 
having a 6-membered ring with one site of unsaturation. 
0029. As noted above, the steps of oxidation and male 
ation of the fatty acid-containing material, and particularly a 
tall oil material, can be conducted in either order, as illus 
trated by the examples which follow. Also contemplated is the 
simultaneous oxidation and maleation of the fatty acid-con 
taining material, and particularly a tall oil material. 
0030. For use in corrosion applications and especially for 
emulsion applications, applicants also contemplate that the 
oxidized and maleated tall oil material of the present inven 
tion can be combined with other materials such as alkylene 
amines, including diethylenetriamine, imidazoline, ami 
doamine, amidoamine condensates, alkanolamines and the 
like. 

0031 When used in corrosion inhibition applications, the 
compositions of the present invention will normally be used 
in a concentration from about 5 ppm up to as much as 10% by 
weight, more usually in an amount between 20 ppm and 1% 
by weight. When used as an emulsifier, generally the oxidized 
and maleated fatty acid compositions, such as the oxidized 
and maleated tall oil material, will be used in an amount of 
from about 2% to about 15% by weight of the emulsion. 
0032. Also, the oxidized and maleated fatty acid compo 
sitions, such as the oxidized and maleated tall oil composi 
tions of the present invention may be dissolved or dispersed in 
a carrier Solvent to facilitate the coating of metals when used 
as a corrosion inhibiting composition. Suitable carrier Sol 
vents include, but are not limited to, the following: water, 
alcohols, kerosene, crude oil and combinations thereof. 
0033. In petroleum-recovery applications, where the 
present invention is usefully employed, the downhole condi 
tions in an oil orgas well can vary greatly from one well to the 
next. That is, in one environment one may encounter'sweet” 
conditions (predominately CO) while in another environ 
ment “sour” conditions may predominate (H2S present). As 
shown in the following examples, the oxidized and maleated 
fatty acid compositions, such as in particular the oxidized and 
maleated tall oil compositions of the present invention are 
Suitable for retarding corrosion in both environments. 
0034. It will be understood that while the invention has 
been described in conjunction with specific embodiments 
thereof, the foregoing description and examples are intended 
to illustrate, but not limit the scope of the invention. Other 
aspects, advantages and modifications will be apparent to 
those skilled in the art to which the invention pertains, and 
these aspects and modifications are within the scope of the 
invention, which is limited only by the appended claims. 
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EXAMPLE1 

Oxidation of Maleated Tall Oil Products 

0035. A maleated tall oil product such as the commercially 
available XTOLR690 or XTOL(R692 products is oxidized 
using air at an elevated temperature. XTOLR690 is a tall oil 
blend of tall oil fatty acid bottoms and a distilled tall oil, 
which blend has been maleated at a level of about 3.5%. 
XTOLR692 is a blend of a tall oil rosin and tall oil fatty acid, 
which blend has been maleated at a level of about 12%. 
0036) Each of these tall oil blends can be charged to a 
reactor which is fitted with an agitator, a thermocouple and a 
fritted glass sparge Stone attached by a hose to an air Supply. 
The tall oil blends are heated to 165° C. and the air turned on 
and adjusted to a flow rate of 4L/hr through the sparge Stone. 
The maleated tall oil reaction mixture is then heated to 177° 
C. and sampled frequently for acid value and Viscosity (Gard 
ner-Holdt) as the oxidation reactions proceed, while holding 
the reaction mixture at a temperature of 177°C. The reaction 
mixture is held at a temperature of 177° C. for 10.5-16 hours 
as air is sparged. The reaction mixture is then cooled to 70-85 
C. and discharged. The final physical properties of the male 
ated and oxidized tall oil product can be determined. In one 
example, the properties of the maleated and oxidized tall oil 
products were measured as shown in the following table with 
reference to typical properties of the starting materials: 

Oxidized 
XTOL (R) Oxidized XTOL (R) 

690 XTOL (R. 690 XTOL (R) 692 692 

Acid Value 197.3 158.7 276.0 2O3.9 
(mg KOHg) 
Brookfield 484.9 8496 1451 18010 
Viscosity. 
(cPs: 25° C.) 
Density 8.00 8.38 841 8.59 
(Lbs./gal) 
Sp. Gravity. O.961 1.OO6 1.010 1.031 
(25° C.) 

EXAMPLE 2 

Maleation of Oxidized Tall Oil 

0037. This example demonstrates the reverse of the pro 
cess described in Example 1 for making a composition of the 
present invention, whereby one starts with an oxidized tall oil 
product and then proceeds with the maleation. In this 
example, a an oxidized tall oil product, LATOLRMTO, 
which is an oxidized, high acid value crude tall oil, available 
commercially from Georgia Pacific is used as the starting 
material. This oxidized crude tall oil is then treated with 
maleic anhydride. 
0038 LATOLORMTO (95 wt %) is charged to a sealed 
reactor fitted with an agitator, a thermocouple and a con 
denser. The reactor is heated to 180° C. At 180° C. maleic 
anhydride (5 wt %) is added slowly to the reactor. The reac 
tion mixture is then heated to 200°C. for approximately 3-6 
hours or until all of the maleic anhydride has reacted. The 
reaction mixture is then cooled to 70-80° C. and discharged. 
The final physical properties can be determined. In one 
example, the properties of the oxidized and maleated tall oil 
product were measured as shown in the following table with 
reference to typical properties of the starting materials: 
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LATOL (R) Maleated LATOL (R) MTO 
MTO (Oxidized tall oil) 

Acid Value 143.0 163.8 
Density (25°C.: Lbs./gal) 8.25 8.52 
Sp. Gravity (25° C.) O.99 1.023 
Brookfield Viscosity. 4870 2258O 
(cPs: 25° C.) 

EXAMPLE 3 

Maleation of Crude Tall Oil followed by Oxidation 
0039. This process is similar to the one described in 
Example 1 whereby one starts with a Crude Tall oil mixture, 
but maleates it to a level of about 5% and then proceeds with 
an oxidation of the maleated tall oil product. 
0040. A crude Tall Oil (95 wt.%) is charged to a sealed 
reactor fitted with an agitator, a thermocouple and a con 
denser. The reaction mixture is heated to 180°C. At 180°C., 
maleic anhydride (5 wt.%) is added slowly to the reactor. The 
reaction mixture is then heated to 200° C. for approximately 
3-6 hours or until all of the maleic anhydride has reacted. 
Once all of the maleic anhydride has reacted, the reaction 
mixture is then cooled to 180° C. and air is introduced to the 
reaction mixture using a flitted glass sparge Stone attached by 
a hose to an air Supply. The air is turned on and adjusted to a 
flow rate of 4L/hr through the sparge stone. Oxidation of the 
maleated crude tall oil with air is carried out for 12-16 hours. 
The reaction mixture is then cooled to 70-85° C. and dis 
charged. The final physical properties can be determined. In 
one example, the properties of the maleated and oxidized tall 
oil product was measured as shown in the following table with 
reference to typical properties of the starting materials: 

Maleated-Oxidized 
Crude Tall Oil Crude tall oil 

Acid Value 1616 169.5 
Density (25°C.: Lbs/gal) 8.088 8.54 
Specific. Gravity (25° C.) O.97O6 1.027 
Brookfield Viscosity (cPs: 25° C.) 695.0 338OO 

EXAMPLE 4 

Oxidation of Maleated Tall Oil Fatty Acid 
0041. In this example, a maleated tall oil fatty acid (TOFA) 
was oxidized using air at an elevated temperature. 
0042. TOFA is charged to a scaled reactor and the contents 
of the reactor are heated to 70° C. Once a temperature of 70° 
C. is achieved maleic anhydride in an amount of about 25% 
by weight of thTOFA is added to the vessel. After all maleic 
anhydride is in the reactor the reactor mixture is heated to 
220°C. in several stages. From the starting temperature of 70° 
C.; the temperature is increased in Small increments until 
220° C. is achieved. After each temperature adjustment and 
the desired set point is reached, the material is maintained at 
the set point temperature for a five minute hold period. The 
first stage of heating is from 70° C. to 130° C.; the second 
stage of heating is from 130° C. to 160° C.; the third stage of 
heating is from 160° C. to 185°C.; the fourth stage of heating 
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is from 185° C. to 205° C.; and the fifth and final stage of 
heating is from 205°C. to 220°C. The reaction mixture then 
is held at 220°C. untila Gardner-Holdt viscosity of about Z-2 
is reached. This holding period typically takes about 5 hours 
depending on the batch size. The reaction mixture is cooled to 
a discharge temperature and one can then determine the 
physical properties of the maleated product. Typically, the 
maleated product exhibits an acid number (hydrous) equal to 
300-320 mgKOH/g, a specific gravity of 1.04 and a Brook 
field Viscosity (at 25°C.) equal to 2700-3400 eps. 
0043. To produce a maleated and oxidized fatty acid mate 

rial of the present invention, the maleated tall oil fatty acid is 
then charged to a reactor which is fitted with an agitator, a 
thermocouple and a fritted glass sparge Stone attached by a 
hose to an air supply. The maleated tall oil fatty acid is heated 
to 165° C. and the air is turned on and adjusted to a flow rate 
of 4 L/hr through the sparge stone. The reaction mixture is 
then heated to 177° C. and sampled frequently for acid value 
and viscosity (Gardner-Holdt) while holding at 177°C. The 
reaction mixture is held at 177° C. for 10.5-16 hours as air is 
sparged. The reaction mixture is then cooled to 70-85°C. and 
discharged. The final physical properties of the maleated and 
oxidized TOFA can be determined. In one example, the prop 
erties of the maleated and oxidized TOFA was measured as: 

Oxidized Maleated 
Tall Oil Fatty Acid 

Acid Value 250 
Density (25°C.: Lbs./gal) 8.8O 
Specific Gravity (25° C.) 1.056 
Brookfield Viscosity (cPs: 25°C. 17530 

EXAMPLE 5 

0044 Several oxidized and maleated tall oil products were 
examined for their ability to produce oil well mud (emulsion) 
without the use of a nitrogen-containing secondary emulsi 
fier. The standard emulsifier comprises a blend of a primary 
emulsifier which consists of a carboxylic acid source mixed 
with an amine source and a secondary emulsifier which is a 
polyamide based material. The results presented in the table 
indicate that acceptable emulsification is achievable in the 
present invention using only a single emulsifier. For purpose 
of comparison, proprietary tests examining fluid loss values 
(FL) and the electrical stability (ES) of various samples were 
conducted. The fluid loss values (FL) are much lower com 
pared to the industry standard emulsifier package and the 
electrical stability is fairly high. This Suggests that lower cost, 
more environmentally-friendly emulsifiers can be made 
using compositions of this invention. 

Oxidized Oxidized 
Standard Maleated XTOL (R) Maleated Maleated 
Emulsifier TOFA 690 TOFA MTO 

Conc. (ppb) 9 9 9 9 9 
ES 787 499 S49 647 448 
FL (mLs) 6.6 6.O 3.2 11.6 3.6 
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EXAMPLE 6 

0045. Maleated and oxidized tall oil products of the 
present invention also have been tested in corrosion inhibitor 
formulations under both Sweet gas (no H2S present) and Sour 
gas (HS present) conditions. Sweet gas-corrosion tests were 
conducted under the following conditions: Brine composi 
tion-3.3% NaCl and 1.2% CaCl; Ratio-80% brine and 20% 
deodorized kerosene (air blown); Gas-saturated CO: Tem 
perature—160° F (71° C.); Time 72 hours. The results of 
the Sweet gas tests are listed in the Table below. The amine 
used in all of the tests was tall oil-based imidazoline. The 
samples were evaluated using the heel Test Method for Evalu 
ation of Film-Persistent Corrosion Inhibitors for Oilfield 
Applications. Item No. 24007, NACE International Publica 
tion 1D182 (2006 Edition). 

% Protection 

Samples 5 ppm 10 ppm 20 ppm 

Control A 79 92 96 
Amine + Oxidized and 96 97 97 
Maleated TOFA 
Amine + Oxidized 90 90 92 
XTOL 692 
Control B 90 93 96 
Amine + Malaleated TOFA 98 99 87 
Control C 64 88 88 
Amine + Oxidized 79 86 93 
XTOL 692 
Amine + Maleated MTO 85 84 88 

0046 For sour gas test conditions (only significant differ 
ence was that HS was added to the test gas) the results are 
shown in the following table. The control was an amine 
(DETA/Imidazoline) neutralized TOFA. Again, the Wheel 
Test Method was used: 

Wt. Loss 
Coupon (mg) % Protection Mills/Year Sample (a) ppm 

1 7.1 80.8 30.7 Maleated TOFA (a) 2500 
3 3.3 91.1 14.2 Maleated TOFA (a) 5000 
5 8.2 77.8 35.4 Oxidized XTOL 690 (a) 

2SOO 
7 4.2 886 18.1 Oxidized XTOL 690 (a) 

SOOO 
9 6.3 83.0 27.2. Oxidized XTOL 692 (a) 

2SOO 
11 3.0 91.9 13.0 Oxidized XTOL 692 (a) 

SOOO 

Oxidized 
XTOL (R) 692 

9 
644 

3.4 
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-continued 

Wt. Loss 
Coupon (mg) % Protection Mills/Year Sample (a) ppm 

13 6.4 82.7 27.6 Maleated MTO (a) 2500 
15 2.9 92.2 12.5 Maleated MTO (a) 5000 
17 S.6 84.9 24.2. Oxidized and Maleated 

TOFA (a) 2500 
19 4.4 88.1 19.0 Oxidized and Maleated 

TOFA (a) 5000 
21 4.7 87.3 20.3 Control (a 2500 
23 4.0 89.2 17.3 Control (a) 5000 
25 40.6 O 175.3 Blank 
26 41.7 O 180.0 Blank 

0047. The results of the corrosion testing indicate that 
these products generally are performing better than the stan 
dards used for comparison. That is, the formulations which 
contain an oxidized and maleated tall oil product of the 
present invention usually showed a higher level of protection 
compared to the control. In addition, the Sour gas testing was 
performed under conditions which did not use an amine neu 
tralization. Therefore, the present invention is demonstrating 
excellent corrosion inhibition while not having to use amines 
in the formulation which may be of an environmental advan 
tage and may be better economically. 
0048. The present invention has been described with ref 
erence to specific embodiments. However, this application is 
intended to cover those changes and Substitutions that may be 
made by those skilled in the art without departing from the 
spirit and the scope of the invention. Unless otherwise spe 
cifically indicated, all percentages are by weight. Throughout 
the specification and in the claims the term “about is 
intended to encompass + or -5% and preferably is only about 
+or -2%. 

We Claim: 
1. A composition useful for inhibiting corrosion or for use 

as an emulsifier in preparing invert water-in-oil emulsions 
comprising maleated and oxidized unsaturated fatty acids. 
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2. The composition of claim 1 wherein the fatty acids 
comprise unsaturated Cls fatty acids. 

3. The composition of claim 2 wherein the fatty acids 
comprise a tall oil composition containing tall oil fatty acid. 

4. The composition of claim 3 wherein the fatty acids 
comprise a tall oil composition containing a tall oil rosin acid. 

5. The composition of claim 1, 2, 3, or 4 wherein the 
maleated fatty acids have from about 2% to about 25% by 
weight of maleic anhydride, fumaric acid, acrylic acid, meth 
acrylic acid or a mixture thereof. 

6. A method for reducing corrosion associated with a metal 
Surface comprising contacting said Surface with a corrosion 
inhibiting amount of the composition of claim 1, 2, 3, or 4. 

7. A method for reducing corrosion associated with a metal 
Surface comprising contacting said Surface with a corrosion 
inhibiting amount of the composition of claim 5. 

8. A method for making an emulsion from water and an oil 
comprising mixing with the water and the oil an emulsifying 
amount of the composition of claim 1, 2, 3, or 4. 

9. A method for making an emulsion from water and an oil 
comprising mixing with the water and the oil an emulsifying 
amount of the composition of claim 5. 

10. A method of preparing a composition of claim 1 useful 
for inhibiting corrosion or for use as an emulsifier in prepar 
ing invert water-in-oil emulsions comprising maleating and 
oxidizing unsaturated fatty acids, 

11. The method of claim 10 wherein the unsaturated fatty 
acids are reacted with from about 2% to about 25% by weight 
of maleic anhydride, fumaric acids acrylic acids methacrylic 
acid or a mixture thereof. 

12. The method of claim 10 or 11 wherein the unsaturated 
fatty acids comprise unsaturated Cls fatty acids. 

14. The method of claim 12 wherein the unsaturated fatty 
acids comprise a tall oil composition containing tall oil fatty 
acid. 

15. The method claim 14 wherein the unsaturated fatty 
acids comprise a tall oil composition containing a tall oil rosin 
acid. 


